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Additives are widely used means of controlling the size, shape and structure of 
crystalline materials.  Formation of biogenic crystals is a beautiful example of how to achieve 
finely tuned crystal growth occurred in the rich additive environments.  A key characteristic of 
the biominerals is their nano-composite structure, which derives from intimate association of 
organic molecules with the mineral host.  
This talk will discuss how bio-inspired approaches can be used to generate new class of 
nanocomposite with tunable compositions and properties. Single crystals of calcite as a host 
mineral were precipitated in the presence of “guest species” ranging from commercial latex 
particles, to organic/inorganic nanoparticles functionalized with block copolymers,[1-3] to 
finally small molecules like amino acids[4].  
Control over sizes and surface chemistry/structure of guest species and growth solution 
conditions determined the efficiency of incorporation, leading to tunable occlusion level from 0 
to 7 mol% for amino acids[4] and 10-20 wt% for nanoparticles,[1-3] without disturbing single 
crystal structure (measured using HPLC, TGA and AA). Further, the internal and external 
structures of the resultant composite crystals were characterized in combination of Raman/IR 
spectroscopy, high resolution powder XRD, FIB-sectioned SEM and TEM. Finally the mechanical 
properties were characterized with nano-indentation. The synthetic crystals containing organic 
species exhibit analogous texture and defect structures to biogenic calcite crystals and are 
harder than pure calcite. Extension of these studies to the incorporation of inorganic 
nanoparticles [3] in other host single crystals including ZnO, MnCO3 and Sr/BaSO4) again 
demonstrated high levels of incorporation with additional magnetic or optical properties.   
This simple crystal growth methodology provides a unique model for giving insight into 
both the mechanism of occlusion of within single crystals, and the relationship between the 
macroscopic properties of a crystal and its microscopic structure.  
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